It has been suggested that changes in the atmospheric circulation caused by anthropogenic forcings are highly uncertain, owing to the large natural variability intrinsic to the system. Here, to assess the statistical significance of such changes for the midlatitude, large-scale atmospheric circulation of the Southern Hemisphere, we analyze a new 40-member ensemble of integrations, from 1920 to 2080, of the Community Earth System Model, version 5, together with a companion 1,800-year-long pre-industrial control integration of the same fully-coupled model. For simplicity, we only consider the latitudinal position and the strength of the zonal mean eddy-driven jet. Given the large year-to-year variability of these jet properties, we focus on their decadal averages, which reflect the more slowly varying climate state. Our analysis reveals that the forced response in such decadal averages easily emerges from the natural variability, with only a few model integrations typically needed to establish statistical significance. In particular, we find a forced summertime poleward shift of the jet in the latter part of the 20th Century, and a strengthening of the jet during the 21st century in all seasons of the year. Contrasting these with changes in the Southern Annular Mode, we confirm earlier studies demonstrating that such a mode is unable to distinguish different structural changes in the midlatitude jet.
Introduction

28
Assessing uncertainties in modeled projections of climate change is a task of obvious practical 29 importance. Broadly speaking such uncertainties fall into three categories (see, e.g., Hawkins and 30 Sutton 2009): those due to our inability to know the future external forcings, those related to flaws 31 in the climate models, and those caused by the intrinsic natural variability of the climate system 32 itself. In many ways, the third of these is the most fundamental: even if we knew the forcings 33 exactly and had perfect models, the predictability of the climate system could be very limited if 34 natural variability happened to be sufficiently large. Hence the need to quantify such variability. (especially on regional scales), were also highlighted by Shepherd (2014) in a recent review.
42
Here we take a different approach to assessing the significance of changes in the atmospheric 43 circulation. Instead of considering surface pressure alone (as in D12), we study the gross proper-44 ties (latitude and strength) of the eddy-driven jet in the Southern Hemisphere (SH), where zonal 45 averaging yields a meaningful approximation of the midlatitude circulation. We also broaden the 46 horizon by considering changes from the pre-industrial period to the present and into the future, as 47 well as from the present to the future. With this approach, more focused on large-scale properties 48 of the midlatitude jet, we find that changes in the strength and latitude of the SH jet are highly 49 significant in our model, with only a few runs needed to detect changes across different periods. 
Methods
51
The data used here consists of monthly mean, zonal mean, zonal wind and surface pressure from 
59
Two key properties of the midlatitude jet are considered: its latitude (L) and its strength (S),
60
here calculated as in Barnes and Polvani (2013) , using a quadratic fit to the zonal mean wind (Gong and Wang 1999) . We demonstrate that SAM response reflects changes in 66 both L and S, making the SAM response difficult to interpret in terms of structural jet changes.
67
Our statistical analysis is based on first computing decadal averages of the relevant variable. variables of interest (L, S and SAM). Typically, we need to compare two distributions of X, e.g.
71
one distribution from the PI control, and another from the Large Ensemble at a particular decade.
72
Each distribution has a mean (say, X PI and X LE ), a standard deviation (σ PI and σ LE ) and a sample 73 size (N LE = 40 and N PI = 180, since we can construct 180 non-overlapping decadal means from 74 the 1800-year long PI control run).
75
The hypothesis being tested is that the two distributions are different, in which case the variable 76 in a given decade can be said to have significantly changed from the PI control state. For this, the 77 relevant t-statistic is the quantity 
Results
91
We begin by presenting the full seasonal cycles of Southern Annual Mode (SAM), the jet lati- overlap, one can immediately deduce that the curves are significantly different at the 95% level.
100
As the SAM is the most popular metric of the SH midlatitude circulation, we start by discussing The difference in timing for these two seasonal changes indicates that they are likely driven by 109 different forcings. Even more importantly, we next show that these two SAM trends correspond,
110
in fact, to different changes in the physical properties of the jet.
111
In terms of the jet latitude L, Figure 1b shows that the jet has shifted poleward significantly 6
To more fully appreciate the emergence of forced trends in the SH midlatitude circulation in our
118
CESM-LE runs, we now examine histograms and time-series of SAM, L and S, starting with DJF.
119
For each of these metrics, in the left panels of Figure 2 we have plotted histograms of the PDFs the ozone hole as the cause for that dramatic shift of the jet in the late 20th century in our model.
137
In JJA, we find only a weak, but continuous, poleward jet shift, presumably accompanying GHG 138 increases; however, that small JJA shift does not emerge until 2075.
139
As for jet strength, the bottom panels of Figure 2 also clearly show significant forced changes.
140
However, unlike jet latitude, the largest changes in S will happen in the future, as was already noted Finally, observe how future p s changes in DJF and JJA (panels e and g) both have a north-south 159 dipolar structure, and therefore both result in SAM increases: it is important to note, however, that 160 the associated changes in U do not look similar (contrast panels f and h). This demonstrates that 161 changes in the SAM must not be simplistically equated with a latitudinal shift of the jet (as noted, 
Summary and Discussion
164
Using the CESM Large Ensemble Project, we have demonstrated that decadal-mean responses 165 of the SH circulation far exceed the natural variability, and are significant with very few members.
166
In DJF a forced poleward shift of the jet has emerged during the 20th century, and a strengthening 167 of the jet is projected in the 21st century (in all months, but with the largest change in JJA). 
